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© Multi-well filtration apparatus. 



0 A filtration apparatus is provided comprising a 
multiwell plate wherein each of the wells in the plate 
has a filter membrane bonded to the entire periph- 
eral surface of an opening of the well (11). The filter 
membrane (15) has a tab (17) which permits remov- 
ing the filter membranes from the wells without rup- 
turing the membrane. 
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BACKGROUND OF THE INVENTION 



This invention relates to a multi-well filtration 
device including a filtration membrane on each well 
which can be removed from the wells for analysis 
subsequent to filtration. 

Test plates for in vitro analysis which contain a 
multiplicity of individual wells or reaction chambers 
are commonly known laboratory tools. Such de- 
vices have been employed for a wide variety of 
purposes and assays as exemplified by U.S. Pat- 
ents 3,694,464; 4,304,865; 4,276,048; 4,154,795; 
4,427,415; 4,526,690 and Re 30,562. Microporous 
membrane filters and filtration devices containing 
such microporous membranes have been espe- 
cially useful with many of the recently developed 
cell and tissue culture techniques and assays, par- 
ticularly those in the field of virology and immunol- 
ogy, wherein the material of interest is retained by 
the filter. Typically, a ninety-six well filtration plate 
is used to conduct multiple assays simultaneously, 
some steps which may last several hours prior to 
performing filtration. Often the material of interest is 
retained on the filter. However, if an analytical 
instrument of interest cannot read the filters directly 
in the plate wells, the filters must be removed from 
the wells. 

It has also been proposed to utilize a die-punch 
having a flat face which is inserted into the well 
and through the filter paper bearing the retentate in 
order to direct the filter paper and retentate from 
the well into a vial for subsequent testing. This 
system has two major problems. First, many times 
only a portion of the filter paper circumference is 
sheared and the filter disc remains attached to the 
well. Secondly, the flat face of the punch tends to 
remove some of the retentate from the filter paper 
so that the subsequent testing is inaccurate. An 
alternative system utilizes a hollow tube as a punch 
to minimize the contact face of the punch and 
reduce the amount of sample accidentally trans- 
ferred to the punch. In another system, the filter is 
scored about its circumference in order to facilitate 
subsequent punching. This system is undesirable 
since accidental rupturing of the filter paper along 
the scoring can occur. Also, all of these systems 
are undesirable since they each involve the phys- 
ical transfer of individual filter discs. 

For a counter which requires a flat sample 
array, it would be preferable to transfer the filter 
discs directly from the well ends to a film coated 
with adhesive to maintain the relative locations of 
all the filter discs. This system is satisfactory with 
some membrane filters but not with multi layer filter 
laminates which have a tendency to deiaminate 



thereby effecting transfer of only a portion of the 
bottom filter layer to the adhesive and leaving the 
support web and ail the upper filter surface and 
sample still attached to the well. Accordingly, it 

5 would be desirable to provide a means for remov- 
ing retentate and filter paper from a multi-well 
filtration plate which assures that the filter paper 
will be completely removed from the well without 
loss of a portion of the retentate for purposes of 

w subsequent testing. Furthermore, it would be desir- 
able to provide such means which permits removal 
of the filter and retentate from a plurality of wells 
simultaneously onto a flat surface so that use of 
analytical apparatus requiring a flat surface for sup- 

T5 porting samples is facilitated. 



SUMMARY OF THE INVENTION 

20 

This invention provides a multi-well filtration 
apparatus suitable for the assay of microliter quan- 
tity of biological and biochemical materials. The 
filtration apparatus includes a plate having a plural- 

25 ity of wells, open at one end and having a filtration 
membrane positioned across an opposing end. The 
filtration membrane can be formed as one layer or 
as a laminate and is shaped so that it can be easily 
removed from the bottom of the well after the 

30 exposed lower surface has been contacted with an 
adhesive sheet. The filtration membrane is shaped 
so that it can be heat sealed to the entire periphery 
, e.g., circumference of the well and has a tab 
section which extends outside of the seal periph- 

35 ery. The tab sections on each well extend in sub- 
stantially the same direction so that after filtration, 
when an adhesive sheet is applied to the exposed 
lower surfaces of the filtration membranes to ad- 
here them to the sheet, the membranes can be 

40 easily and completely torn away from the wells by 
pulling the sheet in a direction substantially op- 
posite to the direction toward which the tab sec- 
tions extend. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is an expanded view of a vacuum 
assembly useful with the present invention. 
Figure 2 is a top view of a filtration apparatus 
comprising a second plate portion of this ap- 
paratus. 
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Figure 3 is a cross sectional view of the appara- 
tus of this invention, shown partially assembled. 
Figure 4 is a top view showing a means for 
removing filter membranes after filtration. 
Figure 5 is a top view showing removed filter 
membranes positioned on an adhesive sheet 

DETAILED DESCRIPTION OF SPECIFIC EMBODI- 
MENTS 



This invention provides an improved multi-well 
filtration apparatus including a plurality of mem- 
brane filters which permits the recovery of retentate 
on the membrane filters produced during filtration. 
Each membrane filter is formed of a shape so that 
it can be heat sealed at the bottom of the well and 
includes a tab section extending outside the pe- 
riphery of the seal. The tab section on each mem- 
brane filter extends generally in the same direction 
so that when an adhesive sheet is applied to the 
exposed bottom surface of the membrane filters, 
the filters can be completely removed from the 
wells by applying a pulling force to the adhesive 
sheet in a direction generally opposite to the direc- 
tion in which the tabs extend when sealed to the 
wells. In this manner, since nothing touches the 
filter surface which bears the retentate, loss of 
retentate is prevented and the retentates can be 
analyzed when positioned on a flat sheet. 

Referring to Figure 1, a vacuum assembly is 
shown capable of simultaneously processing a plu- 
rality of test samples of a size usually up to about 
400 microliters each. The vacuum assembly com- 
prises a base 2 which acts as a vacuum chamber 
and contains hose barb 3 for connection to a 
regulated external vacuum source through hose 5. 
Positioned within the base 2 are liquid collection 
means 4 which includes a collection tray 6 and/or a 
receiving plate 8 having a plurality of individual 
chambers 9 for collecting filtrate. The individual 
chambers 9 are associated each with a single well 
11 in filtration plate 12. A plate support 10 holding 
the filtration plate 12 above the fluid collection 
means 4 is separated by gaskets 14 and 16 which 
form an airtight seal in the presence of a vacuum 
force exerted through hose 5. 

Referring to Figures 2 and 3, plate 12 includes 
a plurality of wells 11 to which are heat sealed filter 
membranes 15 including tab sections 17 which 
extend generally in the same direction. The filter 
membranes 15 are heat sealed on the lower sur- 
face 19 of well wall 21. Well 11 extends downwar- 
dly to the point such that membrane 15 is posi- 
tioned above receptacle 9 such that the liquid 
passing through membrane 15 is directed into re- 
ceptacle 9. Any conventional bonding method can 
be utilized to bond membrane 15 to plate 12. As 



shown, for example in Figure 3, the tab 17 can 
extend a distance outside the well 9 from the 
surface 19. However, it is to be understood that the 
tab can extend a distance which can be inside the 

5 well or to the well wail. In addition, the tab can 
extend from the entire periphery of the seal if 
desired, it is desirable to avoid a tab which is too 
narrow or which has an abrupt angle with the main 
disc in order to avoid tearing across the center 

10 portion of the disc rather than peeling. Representa- 
tive suitable micro-porous membrane include ni- 
trocellulose, cellulose acetate, polycarbonate, poly- 
propylene and polyvinylidene fluoride microporous 
membranes. Alternatively, the membrane can com- 

T5 prise an ultrafiltration membrane, which mem- 
branes are useful for retaining molecules as small 
as about 100 daltons and generally molecules as 
large as about 2.000,000 daltons. Examples of such 
ultrafiltration membranes include polysulfone, poly- 

20 vinylidene fluoride or cellulose or the like. Also, the 
membrane can be comprised of depth filter media 
such as paper or glass fibers. In addition, the filter 
membrane can be formed as a laminate structure 
comprising a microporous membrane bonded to a 

26 woven or non-woven substrate. The tab section of 
the membrane extends a distance between about 
0.5 and about 5 mm, preferably about 0.2 mm from 
the line of sealing. When the major dimension or 
length of the tab section is too small, the mem- 

30 brane will have a high tendency to tear when 
removal from the wells 1 1 is attempted. 

The membranes with the tab section can be 
formed by any conventional means such as by the 
steps of heat sealing a membrane sheet to the 

35 bottom surfaces of the wells 11 and then cutting 
the membrane sheet into the desired shapes such 
as by laser. Filtration then can be effected. 

Referring to Figure 4, after filtration has been 
completed so that retentate is positioned on the 

40 membrane surfaces within wells 11, an adhesive 
sheet 25 is applied to the rententate-free bottom 
surface 23 of the membrane 15 so that both the 
filtrate sections and the tab section 17 of the mem- 
brane 15 are adhered to the sheet 25. The sheet 

45 25 then is pulled in the direction of arrow 27 which 
is the direction about 180* from the direction in 
which the tab sections 17 extend. As shown in 
Rgure 5, the membranes 15 including tab section 
17 are adhered to the flat sheet 25 and the individ- 

so ual retentates thereon are exposed for analysis. 



Claims 

55 1 . A filtration apparatus comprising: 

a plate having at least one well, having a first open 
end for introducing liquid into said well, a second 
end and an outside peripheral surface about said 
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second end, 

a filter membrane bonded to said peripheral sur- 
face, said filter membrane having a tab section of a 
size and shape which permits removing said mem- 
brane from said peripheral surface while avoiding s 
rupture of said membrane. 

2. The apparatus of claim 1 wherein said filter 
membrane is a microporous membrane. 

3. The apparatus of claim 1 wherein said filter 
membrane is an ultrafiltration membrane. io 

4. The apparatus of claim 1 wherein said filter 
membrane is a depth filter. 

5. The apparatus of claim 1 wherein said filter 
membrane is a laminate. 
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Description 

This invention relates to a multi-well filtration 
device including a filtration membrane on each well 
which can be removed from the wells for analysis 
subsequent to filtration. 

Test plates for in vitro analysis which contain a 
multiplicity of individual wells or reaction chambers 
are commonly known laboratory tools. Such de- 
vices have been employed for a wide variety of 
purposes and assays as exemplified by U.S. Pat- 
ents 3,694,464; 4,304,865; 4,276,048; 4,154,795; 
4,427,415; 4,526,690 and Re 30,562. Microporous 
membrane filters and filtration devices containing 
such microporous membranes have been espe- 
cially useful with many of the recently developed 
cell and tissue culture techniques and assays, par- 
ticularly those in the field of virology and immunol- 
ogy, wherein the material of interest is retained by 
the filter. Typically, a ninety-six well filtration plate 
is used to conduct multiple assays simultaneously, 
some steps which may last several hours prior to 
performing filtration. Often the material of interest is 
retained on the filter. However, if an analytical 
instrument of interest cannot read the filters directly 
in the plate wells, the filters must be removed from 
the wells. 

It has also been proposed to utilize a die-punch 
having a flat face which is inserted into the well 
and through the filter paper bearing the retentate in 
order to direct the filter paper and retentate from 
the well into a vial for subsequent testing. This 
system has two major problems. First, many times 
only a portion of the filter paper circumference is 
sheared and the filter disc remains attached to the 
well. Secondly, the flat face of the punch tends to 
remove some of the retentate from the filter paper 
so that the subsequent testing is inaccurate. An 
alternative system utilizes a hollow tube as a punch 
to minimize the contact face of the punch and 
reduce the amount of sample accidentally trans- 
ferred to the punch. In another system, the filter is 
scored about its circumference in order to facilitate 
subsequent punching. This system is undesirable 
since accidental rupturing of the filter paper along 
the scoring can occur. Also, all of these systems 
are undesirable since they each involve the phys- 
ical transfer of individual filter discs. 

For a counter which requires a flat sample 
array, it would be preferable to transfer the filter 
discs directly from the well ends to a film coated 
with adhesive to maintain the relative locations of 
all the filter discs. This system is satisfactory with 
some membrane filters but not with multi layer filter 
laminates which have a tendency to delaminate 
thereby effecting transfer of only a portion of the 
bottom filter layer to the adhesive and leaving the 
support web and all the upper filter surface and 



sample still attached to the well. Accordingly, it 
would be desirable to provide a means for remov- 
ing retentate and filter paper from a multi-well 
filtration plate which assures that the filter paper 

5 will be completely removed from the well without 
loss of a portion of the retentate for purposes of 
subsequent testing. Furthermore, it would be desir- 
able to provide such means which permits removal 
of the filter and retentate from a plurality of wells 

ro simultaneously onto a flat surface so that use of 
analytical apparatus requiring a flat surface for sup- 
porting samples is facilitated. 

SUMMARY OF THE INVENTION 

15 

This invention provides a multi-well filtration 
apparatus suitable for the assay of microliter quan- 
tity of biological and biochemical materials. The 
filtration apparatus includes a plate having a plural- 

20 ity of wells, open at one end and having a filtration 
membrane positioned across an opposing end of 
each well. The filtration membrane can be formed 
as one layer or as a laminate and is shaped so that 
it can be easily removed from the bottom of the 

25 well after the exposed lower surface has been 
contacted with an adhesive sheet. The filtration 
membrane is shaped so that it can be heat sealed 
to the entire periphery , e.g., circumference of the 
well and has a tab section which extends outside of 

30 the seal periphery. The tab sections on each well 
extend in substantially the same direction so that 
after filtration, when an adhesive sheet is applied to 
the exposed lower surfaces of the filtration mem- 
branes to adhere them to the sheet, the mem- 

35 branes can be easily and completely torn away 
from the wells by pulling the sheet in a direction 
substantially opposite to the direction toward which 
the tab sections extend. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an expanded view of a vacuum 
assembly useful with the present invention. 

Figure 2 is a top view of a filtration apparatus 
45 comprising a second plate portion of this appara- 
tus. 

Figure 3 is a cross sectional view of the ap- 
paratus of this invention, shown partially assem- 
bled. 

so Figure 4 is a top view showing a means for 

removing filter membranes after filtration. 

Figure 5 is a top view showing removed filter • 
membranes positioned on an adhesive sheet. 

55 
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DETAILED DESCRIPTION OF SPECIFIC EMBODI- 
MENTS 

This invention provides an improved multi-well 
filtration apparatus including a plurality of mem- 
brane filters which permits the recovery of retentate 
on the membrane filters produced during filtration. 
Each membrane filter is formed of a shape so that 
it can be heat sealed at the bottom of the well and 
includes a tab section extending outside the pe- 
riphery of the seal. The tab section on each mem- 
brane filter extends generally in the same direction 
so that when an adhesive sheet is applied to the 
exposed bottom surface of the membrane filters, 
the filters can be completely removed from the 
weds by applying a pulling force to the adhesive 
sheet in a direction generally opposite to the direc- 
tion in which the tabs extend when sealed to the 
wells. In this manner, since nothing touches the 
filter surface which bears the retentate, loss of 
retentate is prevented and the retentates can be 
analyzed when positioned on a flat sheet. 

Referring to Figure 1, a vacuum assembly is 
shown capable of simultaneously processing a plu- 
rality of test samples of a size usually up to about 
400 microliters each. The vacuum assembly com- 
prises a base 2 which acts as a vacuum chamber 
and contains hose barb 3 for connection to a 
regulated external vacuum source through hose 5. 
Positioned within the base 2 are liquid collection 
means 4 which includes a collection tray 6 and/or a 
receiving plate 8 having a plurality of individual 
chambers 9 for collecting filtrate. The individual 
chambers 9 are associated each with a single well 
11 in filtration plate 12. A plate support 10 holding 
the filtration plate 12 above the fluid collection 
means 4 is separated by gaskets 14 and 16 which 
form an airtight seal in the presence of a vacuum 
force exerted through hose 5. 

Referring to Figures 2 and 3, plate 12 includes 
a plurality of wells 1 1 to which are heat sealed filter 
membranes 15 including tab sections 17 which 
extend generally in the same direction. The filter 
membranes 15 are heat sealed on the lower sur- 
face 19 of well wall 21. Well 11 extends downwar- 
dly to the point such that membrane 15 is posi- 
tioned above receptacle 9 such that the liquid 
passing through membrane 15 is directed into re- 
ceptacle 9. Any conventional bonding method can 
be utilized to bond membrane 15 to plate 12. As 
shown, for example in Figure 3, the tab 17 can 
extend a distance outside the well 9 from the 
surface 19. However, it is to be understood that the 
tab can extend a distance which can be inside the 
well or to the well wall. In addition, the tab can 
extend from the entire periphery of the seal if 
desired. It is desirable to avoid a tab which is too 
narrow or which has an abrupt angle with the main 



disc in order to avoid tearing across the center 
portion of the disc rather than peeling. Representa- 
tive suitable micro-porous membrane include ni- 
trocellulose, cellulose acetate, polycarbonate, poly- 

5 propylene and polyvinylidene fluoride microporous 
membranes. Alternatively, the membrane can com- 
prise an ultrafiltration membrane, which mem- 
branes are useful for retaining molecules as small 
as about 100 daltons and generally molecules as 

w large as about 2,000,000 daltons. Examples of such 
ultrafiltration membranes include polysulfone, poly- 
vinylidene fluoride or cellulose or the like. Also, the 
membrane can be comprised of depth filter media 
such as paper or glass fibers. In addition, the filter 

75 membrane can be formed as a laminate structure 
comprising a microporous membrane bonded to a 
woven or non-woven substrate. The tab section of 
the membrane extends a distance between about 

0. 5 and about 5 mm, preferably about 0.2 mm from 
20 the line of sealing. When the major dimension or 

length of the tab section is too small, the mem- 
brane will have a high tendency to tear when 
removal from the wells 1 1 is attempted. 

The membranes with the tab section can be 

25 formed by any conventional means such as by the 
steps of heat sealing a membrane sheet to the 
bottom surfaces of the wells 11 and then cutting 
the membrane sheet into the desired shapes such 
as by laser. Filtration then can be effected. 

30 Referring to Figure 4, after filtration has been 

completed so that retentate is positioned on the 
membrane surfaces within wells 11, an adhesive 
sheet 25 is applied to the rententate-free bottom 
surface 23 of the membrane 15 so that both the 

35 filtrate sections and the tab section 17 of the mem- 
brane 15 are adhered to the sheet 25. The sheet 
25 then is pulled in the direction of arrow 27 which 
is the direction about 180* from the direction in 
which the tab sections 17 extend. As shown in 

40 Figure 5, the membranes 15 including tab section 
17 are adhered to the flat sheet 25 and the individ- 
ual retentates thereon are exposed for analysis. 

Claims 

45 

1. A filtration apparatus comprising: 

a plate (12) having a plurality of wells (11), 
having a first open end for introducing liquid 
into said well (11), a second end and an out- 
so side peripheral surface (19) about said second 

end, 

a filter membrane (15) bonded to said pe- 
ripheral surface (19) of each well (11), said 
filter membrane (15) is shaped so that it can 
55 be sealed to the entire peripheral surface (19) 

and has a tab section (17) which extends out- 
side of the seal periphery, all tab sections (17) 
extending the same direction so that after filtra- 
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tion, when an adhesive sheet (25) is applied to 
the exposed lower surfaces of the filtration 
membranes (15) to adhere them to the sheet 
(25), the membranes (15) can be easily and 
completely torn away from the wells (11) by 
pulling the sheet (25) in a direction (27) op- 
posite to the direction toward which the tab 
sections (17) extend. 

2. The apparatus of claim 1, wherein said filter 
membrane (15) is a microporous membrane. 

3. The apparatus of claim 1, wherein said filter 
membrane (15) is an ultrafiltration membrane. 

4. Tha apparatus of claim 1, wherein said filter 
membrane (15) is a depth filter. 

5. The apparatus of claim 1, wherein said filter 
membrane (15) is a laminate. 

Patentanspruche 

1. Filtergerat, umfassend: 

eine Platte (12) mit einer Vielzahl von Zellen 
(11), die ein offenes erstes Ende zum EinfUh- 
ren von FlOssigkeit in die Zelle (11), ein zwei- 
tes Ende und eine urn das zweite Ende herum 
angeordnete AuBenumfangsfiache (19) aufwei- 
sen, (und) 

eine mit der Umfangsflache (19) jeder Zelle 
(11) (klebend) verbundene Filtermembran (15) 
einer solchen Form, daB sie mit der gesamten 
Umfangsflache (19) versiegelt bzw. verklebt 
werden kann, und mit einem Laschenabschnitt 
(17), der vom Versiegelungsumfang nach au- 
Ben ragt, wobei alle Laschenabschnitte (17) in 
der gleichen Richtung verlaufen, so daB dann, 
wenn nach der Filtration eine Klebefolie (25) an 
den freiliegenden Unterseiten der Filtermem- 
branen (15) angebracht wird, urn diese an der 
Folie (25) haften zu lassen, die Membranen 
(15) durch (Ab-)Ziehen der Folie (25) in einer 
Richtung entgegengesetzt zur Erstreckungs- 
richtung der Laschenabschnitte (17) leicht und 
vollstandig von den Zellen (11) abziehbar sind. 



Revendlcatlons 

1. Appareil de filtration qui comprend: 

- un plateau (12) prSsentant une plurality 
5 d'alvgoles (11) avec une premiere extre- 
mity ouverte en vue de Introduction 
d'un liquide dans ladite alveole (11), une 
seconde extr6mit£ ferm£e et une surface 
periph£rique ext£rieure (19) autour de la- 

70 dite seconde extremity, 

- une membrane formant filtre (15) soudSe 
a ladite surface p6riph6rique (19) de cha- 
que alveole (11), ladite membrane for- 
mant filtre (15) ayant une forme telle 

T5 qu'elle peut etre scellee a toute la surfa- 

ce peripherique (19) et comprenant un 
morceau formant onglet (17) qui s'£tend 
a I'exterieur de la p£ripherie scellee, tous 
les morceaux formant onglets (17) 

20 s'6tendant dans la m§me direction si 

bien qu'apres filtration, quand une feuille 
adhesive (25) est appliqu6e sur les surfa- 
ces inferieures denudees des membra- 
nes de filtration (15) pour les faire adh6- 

25 rer a la feuille (25), les membranes peu- 

vent etre facilement et compl&tement ar- 
rach^es des alveoles (11) par traction de 
la feuille (25) dans la direction (27) oppo- 
ses a celle dans laquelle s'etendent les 

30 morceaux formant onglets (17). 

2. Appareil selon la revendication 1, dans lequel 
ladite membrane formant filtre (15) est une 
membrane microporeuse. 

35 

3. Apparei) selon la revendication 1, dans lequel 
ladite membrane formant filtre (15) est une 
membrane d'ultra-filtration. 

40 4. Appareil selon la revendication 1, dans lequel 
ladite membrane formant filtre (15) est un filtre 
de profondeur. 

5. Appareil selon la revendication 1, dans lequel 
45 ladite membrane formant filtre (15) est un stra- 

tifie. 



Gerat nach Anspruch 1, wobei die Filtermem- 
bran (15) eine mikroporose Membran ist. 

50 

Gerat nach Anspruch 1, wobei die Filtermem- 
bran (15) eine Ultrafiltrationsmembran ist. 

Gerat nach Anspruch 1, wobei die Filtermem- 
bran (15) ein Tiefenfilter ist 55 

Gerat nach Anspruch 1, wobei die Filtermem- 
bran (15) ein Laminat ist. 
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